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Abstract 
Presently, DCS is not a just technical tool of control of production units, but it’s developed to be placed at the centre of the process as an 
essential tool for mastering and managing of production units. 
These technological advances are transforming DCS strategic equipment in plants and companies in general. It’s necessary to properly 
develop and highlight the minimum requirements to be imposed when choosing of DCS, especially for production units of phosphate
derivatives having specificities and particular constraints, in order to achieve the required performance and take account of the
requirements of the processes operated. 
OCP has introduced the DCS and their new technologies since 1997 in the production units of Phosphoric Acid and Fertilizers. Now, a 
perfect mastering of the development of specifications and a confirmed knowledge on the functioning of DCS are certainly acquired by 
the local skills of OCP. As a result, the need to take benefit and exploit more resources and new features of DCS is logically emerged.
This has given rise to development of other increasing axes of improvement in the production units. OCP included two main lines: the 
opening of DCS to other networks of the Company and the operating fully automatic and smart of production units through the use of 
advanced controls such as predictive control, fuzzy logic, optimal neural ... 
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Nomenclature 
APC  Advanced Process Control 
CPU  Central Processing Unit 
DCS  Distributed Control System 
I/O  Input/Output 
HMI  Human Machine Interface 
MPC  Model Process Control 
LAN  Local Area Network 
OLE  Object Linking and Embedding 
OPC  Object Process Control 
PLC  Programmable Logic Control 
PV  Process Value 
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SCADA  Supervisory Control And Data Acquisition 
SP  Set Point 
CV  Current Value 
1. Introduction 
The PLC's Technologies made a solid entrance into the industry during the 80s and those of DCS in the 90s. Due to their 
conceptions, the PLC is oriented to the applications with high dominance of automatism (sequential, states ON/OFF, 
discontinues controls,) where the simplicity of the process is synonymous with speed and precision of PLC.  
However, the DCS are designed on architectures based on controllers that are oriented towards automatic applications in 
order to control the process with continuous variables in time and, in which, the processing makes use of much more 
complex algorithms, requiring increased robustness at the controllers (microprocessor, memory, sampling frequency, ...). 
Controller resources are often solicited by the treatment of many data simultaneously for differential calculus, matrix 
combinations, crosses, ...  
Between DCS and PLC we find the systems called hybrid where manufacturers combine the PLC architecture with the 
introduction of specific tools of DCS, which cost much cheaper than a true DCS as well as having satisfactory performance 
when the process is not very complex. In the opposite case, the limitation of this alternative is quickly seen as a constraint 
and the return to a solution based on a true, robust and well designed DCS becomes a technical requirement. 
OCP Group follows this rhythm of movement of new technologies by introducing PLC since the 80s. OCP Jorf Lasfar in 
particular had the first installation of a DCS in 1997 respectively in the production units of fertilizers and phosphoric acid.
This trend allowed OCP to acquire a great experience in engineering studies related to sizing, design and selection of 
DCS and continues to develop applications around highly advanced systems using the latest technologies for the control of 
complex processes through the use of ‘‘Advanced Process Control’’. 
This subject provides an overview of the difference between DCS, PLC and Hybrid Systems by emphasizing on the 
advantages and disadvantages and especially by highlighting the key issues to make a good choice of control system 
consistent with the needs and nature of the process. 
The second part will deal with the necessary features to require in a tender for acquisition of DCS and then we will 
present the optional features that fall within the expertise to ensure great performance in process management using DCS 
tools. 
2. Difference between DCS and PLC 
The main difference between a PLC and DCS is in the type of database in terms of organization and treatment. In a DCS 
Database is unique and includes the entire suite of software tools in a single module embedded and native. 
In a PLC, the data base is in the form of separate tools and applications constituting themselves databases to share. As 
well, changing a parameter requires its recall in each of these databases to change. In this case, the database contained in the
CPU (PLCs) operates in parallel with the database of supervision that which requires at each time the respective access to 
the corresponding application for make the same change. 
To compensate for this limitation, manufacturers use a technique called ''hybrid'' using an embedded tool that has as a 
main function to duplicate the databases (in parallel) which presents the famous problem of coherence and data 
synchronization (which leads to the problem of delays in treatment of parameters especially on the continuous ones). 
Programming and/or configuring even minimal in PLCs is very difficult and requires highly specialized expertise in the 
systems and also a good vigilance. That's because the database is separated and placed on several locations and in multiple 
applications. 
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Fig. 1.  Difference between PLC and DCS 
                 Table 1. Comparison of the features of PLC and DCS 
Characteristics PLC DCS 
Market Introduction 1960s 1975 
Replacement of ... Electromechanical Relays Pneumatic & Single-Loop Controllers 
Classic Application Automotive Refining 
Type of Control Discrete Regulatory 
Redundancy "Cold" Backup "Hot" Backup 
Engineering Mindset Programming Configuration 
Operator Interaction Exception Basis Man in the Loop 
Operator Interface Simple Graphics Sophisticated Graphics 
Size/Footprint Compact Large 
Up-front cost $$ $$$$ 
System Open Closed (Proprietary) 
3. Architecture of Control Systems 
Two technologies are mainly used in the architectural design of a control system: ‘‘Distributed architecture’’ and 
‘‘Client/Server architecture’’. 
3.1. Distributed architecture 
Control system based on Distributed Architecture relies on the database created and developed in the engineering station, 
then broadcasted and distributed through the network to all system components at the same level (operator workstations, 
controllers, archiving workstations, maintenance workstations, ...). Certainly this configuration requires that controllers have
so high performance than the workstations in terms of CPU, memory capacity and speed. 
The database is designed as transparent and accessible from anywhere in the network (Data Highway). An action or 
modification of the database at a point is instantly levied on all other points without the need to extend or do further action.
It is this technology that is most often used in DCS, since it has more advantage in the development of the database and 
also more features at the conduct of the process. 
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Fig. 2. DCS based on Distributed Architecture 
3.2. Client/Server architecture 
Control System based on Client/Server architecture relies on the database created and developed in the engineering 
station and then loaded into the server. All exchange and communication pass through server that keeps hold of all the tools 
and modules and application programs. 
The server controls the communication, monitoring, archiving, soft modules, control, execution of programs and 
calculation, ... Therefore, the CPU in place are relatively comforted and have limited tasks and limited calculation to 
execute. The CPU provides particularly communication with I/O cards which are associated. 
Fig. 3. Control system based on Client/Server 
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3.3. Advantages and disadvantages of both architectures 
Control System with distributed database architecture mainly provides high availability of the information because the 
same basis is at all nodes in real time. It is a single database shared with all components. This configuration allows 
increasing system availability. The failure of a block or component presents no risk, because any other station has the 
possibility to have access to information without additional action. 
This benefit is not provided by the Client/Server architecture that has the database and its treatment located in the server. 
A failure at the server stops completely and totally the entire system with all its components. This is how the majority of the
manufacturers recommend server redundancy even if this solution is also limited to the performance level of availability (in 
case of failure of the second server or in case of bad synchronization between the primary and standby server). The 
Client/Server architecture cannot meet in any case the availability provided by distributed database architecture. 
The Client/Server design has another major problem related to the security of installation. For example the failure of 
servers makes impossible to supervise and control the process (operate production units) and the operator has no possibility 
to stop, manipulate or set instructions to control the site equipment (such as closing valves). 
On the other side, the architecture of distributed database is more expensive, by its nature, it requires a high performance 
at the level of controllers (they contain all algorithms and are responsible for the execution of all applications) which has an
additional technical cost in the performance and also software licenses that are used at all positions. 
The advantage of the Client/Server architecture is its affordability and suitability for non-challenging and non-binding 
uses. In addition, it has another main advantage is the data security. Control data traffic through a server (HUB) ensures 
security and mastering the information flow. 
The security of information is not at the top for the distributed database architecture, even if there is recourse to software 
tools that give users the hierarchized privileges to restrict and control their access. 
The client-server solution is rather used in companies where the secret information is critical (such as banks), but in our 
domain of industry, confidential information is not prioritized over the availability of information which is necessary to 
ensure the proper running of the units of work and the safety of operations. 
4. Experience of OCP Jorf Lasfar : 
Since the 80s OCP began working with PLCs. In Jorf Lasfar, since 1997, OCP has started to use the DCS in its 
production units of fertilizers and phosphoric acid. Accordingly, the knowledge of this domain has quickly developed inside 
the internal OCP skills and the operation of these systems has significantly evolved in terms of numbers but also of quality 
and performance.  
At this stage, OCP has developed its own standard that meets the operating conditions of its production units and taking 
advantage of the latest technological advances in the domain. 
4.1. Main standards and requirements of OCP 
After years of experience in the operation and implementation of DCS, OCP currently has its own standard required in 
the DCS accepted at Jorf Lasfar. 
The following table (Table 2) summarizes the main requirements with their technical arguments. 
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Table 2. Comparison of the features of PLC and DCS 
Item Standards and requirements of OCP Impact/Benefit 
Architecture Distributed Data Base Architecture is designed to maximize the availability of information at the 
nodes and in particular to avoid the client-server architecture that presents 
a risk especially in the case of server failure. This can cause a loss of 
visibility and lack control and operation actions on process. 
Redundancy The system can be acquired completely redundant 
at all its parts in an automatic manner and without 
additions or changes to the software part. 
Redundancy must be native in the system 
Allows having a system with a native and inherent redundancy which is in 
the original design of the system. The addition of redundant components 
can easily be done in the future without the need to redesign the system 
acquired 
Redundancy allows an increase in reliability and availability of the 
system. 
Redundant controllers 
and their power 
All controllers and power supplies installed are 
redundant.  
At the DCS, managing single or redundant 
controllers are identical.  
Controllers and power supplies can be removed 
and / or added at any time without the need to 
restart or system intervention. 
With this option, the system is designed for tough industrial applications, 
it’s more reliable with a robust and transparent operational redundancy at 
all levels. 
Each point of the system is automatically redundant, in the opposite to the 
Client/Server architecture that is based on technique of copies at 
controllers (PLCs). 
Redundancy of the 
network control system 
(communication on 
Data Highway) 
Redundancy of the entire network of the system 
and all associated equipment (Hubs Switch, 
power supplies, network cables, fiber optics, ...) 
The communication presents a neuralgic part of the system, it must have 
maximum availability and reliability. 
Switching between the primary and the secondary network is done 
automatically with signaling and fault diagnosis 
Redundancy of I/O 
Cards
All I/O associated to analog control loops are 
redundant. 
Standards I/O Cards  which are critical or for 
security are redundant 
Serial cards and field bus are redundant (Modbus, 
Profibus, Fieldbus, ...) 
Wiring is terminated at a single point shared by the redundant cards 
Redundancy should be automatic and intrinsic, without the need for 
additional components.. 
Redundancy of HMI Each workstation has access to all synoptics at the 
same time. The number of synoptics and displays 
to manage must be high (unlimited) and enough 
to meet the needs of the project and possible 
future needs 
The unavailability of a workstation is easily surpassed by the use of other 
workstation that can intuitively take over control of the process through 
the associated synoptic. 
DCS can integrate more than fifty workstations supervision. This is not 
provided by the Client/Server architecture that does not generally exceed 
twenty workstations 
I/O cards with 
integrated HART 
Analog
The analog I/O cards are with integrated HART. 
Reading data from smart instruments under the 
HART protocol is through these cards without the 
need for addition of other separation equipment or 
signal extraction HART 
Allows a transparent and fast communication with smart instruments 
which are fully integrated into the DCS at its database. 
Modularity of classic 
I/O cards  
- Analog I/O Cards have 8 channels maximum 
- Logic I/O Cards have 16 channels maximum 
This is a benefit to minimize the impact of failure of a card. OCP Skills 
proceed to the study design of the DCS and make sure to on define the 
good distribution of I/O by separate units of production for facilitate their 
management and maintenance. 
This decomposition is also very important to keep the bidders to the same 
level of submission of tenders. 
More functionality to 
be expected in DCS 
In addition to basic features operating the process, 
DCS is used for mastering and managing the 
process. 
To increase the DCS performances by using advanced control tools, 
historic and archiving of the events and operating parameters of a large 
number of data for a very long time and with a very fine accuracy.… 
Another example is the use of DCS as a tool for decision support, tool for 
maintenance, means of communication, transfer and sharing of data, 
reporting, accounting of balance sheets, modelling and optimization of 
process, etc. .. 
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Item Standards and requirements of OCP Impact/Benefit 
The archiving of 
historical and events 
All process parameters and events are archived in 
the Hard Drives of various workstations. 
The distribution of the archive in multiple workstations allows high 
availability and reliability of archiving history. 
It is necessary to specify the historian workstations and specify the data to 
be archived with the sampling frequency. 
To clarify also the procedures of compression of data in order not to 
clutter the hard drives. 
Storage duration of parameters must be at least 1 year. Frequencies 
Storage shall be: 250 ms for Analog parameters, 50ms for Logics and 1ms 
for events log. 
Good archives allow mastery of the process by possessing the historical of 
operating parameters and also aiding in the maintenance, troubleshooting 
faults and detecting hazards. 
Control loop 
parameters 
Automatic adjustment of control loop parameters Depending on the process and the status of instruments, DCS determines 
automatically and accurately the adjustment parameters of the control 
loops by running tests around the operating point. The system provides a 
adjustment margin with determining values of guaranteed performance 
(speed, stability, standard, ...) 
Advanced Control Predictive control, neural network and fuzzy logic Allows to create mathematical models and simulators of the process and 
also the implementation of multivariable control algorithms. 
This approach ensures a better control of the operating process and 
improves unit performance, product quality, and productivity. 
Standard of 
communication 
Standard communication used is OLE and OPC 
for local plant network (3rd level) 
Ensures openness and communication of system with other systems and 
networks under Windows standards. 
Also enables the editing of reports and balance sheets with data and 
operating parameters of production under the Microsoft Office suite 
4.2. Opening and connecting of the DCS on the plant network (LAN) 
The Interactions of conventional systems of process control with the various departments of the Company are generally 
hierarchized and they respect the circuits and rules of procedures that present heaviness and delay in transmission 
Fig. 4. Interactions of conventional systems of process control with the various company departments 
Currently, with the new technologies of communication and the integration of universal standards of Windows systems 
process control (as OPC), DCS has become a major actor in this suite of interactive information within the company as 
being the center and the source of information, because all process data are produced at its level in real time and under 
standard formats which are compatible with windows. 
Furthermore, there are more data that are pre processed, analyzed, grouped, harmonized in form of spreadsheets in DCS. 
OCP Jorf Lasfar has incorporated this technology since 2003, by putting online (under Windows plant network) 
information and data from DCS in the form of interactive spreadsheets updated instantly in real time. 
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In 2010, this approach was developed by implementing a global strategy in OCP Group, where each DCS of the Group 
(in any geographic location in Morocco) acquires an OPC Server that uses all predefined data online to ensure access to 
information at any location (in a centralized manner or decentralized) 
OLE is a distributed object protocol, developed by Microsoft. It allows dialogue for applications using different formats. 
In a document of Microsoft Office Suite, it's possible for example to insert (to import) an image or object from another 
software provided it’s OLE compatible. 
On the same concept, Microsoft has developed this ''office'' standard to the industrial domain that gave birth to the OPC 
foundation providing a standard platform between systems and industrial actors such as DCS, PLC , ... 
Fig. 5. Real time interaction of process control system 
4.3. Introducing of advanced controls of DCS in the process control  
The software suite of Advanced Control of DCS which is installed in OCP phosphoric acid units integrates predictive 
control, neuron network and fuzzy logic. This is a set of techniques and strategies of control that aim to ensure better control
of the process for: 
- Improving the unit efficiency 
- Improving product quality 
- Increasing productivity 
- Reducing energy costs 
- Adaptation to variations in production 
- Mastering the critical phases of operating 
- Assisting the operating and diagnostic process 
Control based on conventional control methods (mainly PID) is not as powerful and effective in some domains (unstable 
process, external disturbances and uncontrollable random, transient phases, multivariate industrial applications ....). 
The new tools of Advanced Controls are the solutions to improve the control of these processes based on the 
methodology that is relied on the concept of dynamic identification, collection of the expertise and simulation, for the 
purpose of giving the best actions ensuring predefined objective (optimization, maximization, minimization, speed, ...). 
4.3.1. Predictive Control 
The predictive control is based on a software program acting as regulator that calculates the control sequence that 
minimizes the differences between the output predicted by the model of the process and the desired output provided by a 
reference model 
x  The predictive control includes constraints specifications 
x  Recording of actual states which are recorded previously and instantly 
x  The multivariable tools that are based on predictive algorithms 
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Fig. 6. Predictive Control
4.3.2. Fuzzy Logic Control 
For each Input/Output variable, training functions are defined. They are used to convert:
x Measurements (inputs) into fuzzy variables
x Fuzzy orders (calculated by the fuzzy controller) in orders (outputs) acceptable by the process
The fuzzy logic controller has three basic operations:
x The fuzzy Conversion of the input signal to logic fuzzy value (Quantitative> qualitative)
x Inference (Calculation of control)
x The retro fuzzy Conversion by converting the logic fuzzy value to signal (Qualitative> quantitative).
The main objective is to simulate the virtual sensors measures where current instrumentation is unable to provide a
physicochemical measure in real time. This solution allows replacing the periodical analyses in the laboratory.
4.3.3. Neural Network Control 
The neuron network tool establishes itself the rules from situations that are presented. It is a processor that calculates the
weighted sum of inputs and applies to this sum a non-linear transfer function (sigmoid).
The principle of training is based on the comparison of the evolution of a variable ‘‘y’’ to a desired change ‘‘Yref’’ and 
is effected by adjusting the weights of connections between neurons in different layers most often by an algorithm of type
retro-propagation of gradient to minimize the quantity J = (Yref-Y)²
The approach is built on the following methodology:
x Data collection: This operation is essential since process data is the only basis for building a 
neural net. The data quality determines the quality of the model.
x Data preprocessing: Real process data often contains missing values, outliers (data values outside
the control limits you set), and possible undesired data from different sources.
x Variable and time delay selection: This operation determines which data of process variables are the important 
ones that significantly affect the variable to be predicted. Irrelevant variables
can degrade the prediction accuracy.
x Network learning: This step determines the number of hidden neurons and adjusts the weights
based on the learning data. The algorithm’s ability to change the weights
allows the network to adapt or to modify its neurons behavior in response to
their input. Learning consists to calculate the various coefficients X and the
number of hidden layers necessaryY (fig. 7)
204   Mounsif Ehlali and Said El Asri /  Procedia Engineering  83 ( 2014 )  195 – 207 
x Network verification:  This operation verifies how well the network works by comparing the 
network’s prediction against actual values. 
Fig. 7. Neural Network Control 
4.3.4. Application in phosphoric acid units in OCP Jorf Lasfar 
The process of production of phosphoric acid involves three phases: 
• Grinding:  grinding the phosphate rock is intended to increase the area of contact of the ore with sulfuric acid. 
• Reaction filtration: The ground phosphate is attacked by sulfuric acid (concentrated to 98.5%) and medium phosphoric 
acid (18-22% P2O5) in aqueous media. The mixture gives slurry. Filtration of this slurry is to separate 
the phosphoric acid 29% P2O5 of phosphor-gypsum via a rotary filter. The product is then stored in 
settling tanks. 
• Concentration: The function of the concentration of phosphoric acid is to enable the removal of water to give an acid 
containing 54% of P2O5.
Attack Filtration Phase (Reaction-Filtration) consists of two main parts: 
• Reaction : 
x The process involves reacting the phosphate with sulfuric acid under conditions of temperature and concentration of 
P2O5, such as calcium sulfate precipitates as gypsum di-hydrate (CaSO4.2H2O). 
x Phosphate + Sulfuric Acid + water Æ Phosphoric Acid + Gypsum.  
x The slurry is formed of a solid phase (gypsum) and it’s suspended in a solution of phosphoric acid (25 to 27% by 
weight of P2O5) and sulfuric acid (1.5 to 2% by weight) at a temperature of around 80 ° C. 
x The attack is carried in a reactor 
205 Mounsif Ehlali and Said El Asri /  Procedia Engineering  83 ( 2014 )  195 – 207 
Fig. 8. Acid Phosphoric Reactor 
• Filtration:
x The rotary filter operates under vacuum and allows to obtain phosphoric acid separated from the gypsum 
x Filtration of the slurry provides phosphoric acid production and gypsum (in the form of solid crystals). 
Fig. 9. Acid Phosphoric Filtration 
During the reaction, the continuous measurement of free sulfates [SO42-] is a key challenge. Process efficiency is 
directly related to the good control of this value. 
Fig. 10. Phosphor Reaction 
H2SO4 Phosphor/Slurry Acid at 17% 
Gypsum Acid at 29% 
206   Mounsif Ehlali and Said El Asri /  Procedia Engineering  83 ( 2014 )  195 – 207 
The measurement of free sulfate is sampled by (1h) for analysis in the laboratory. Fig. 11-a, illustrates a comparison of 
the continuous measurement operation with respect to a sampled data (1h). Consequences and results of this method are 
given in Fig. 11-b. 
   (a) 
   (b) 
Fig. 11.  Operation comparison with continuous measurement relative to a sampled data ‘‘1h’’ for operator action (a) and consequence (b) 
With the use of the predictive control, the DCS continuously create the model of the process as shown in Fig 12. 
Fig. 12.  Work methodology with Predictive Control 
Disturbance: 
Flow of P2O5 à 17%.
Manipulated —
• Phosphate Flow 
• H2SO4 Flow 
• Flow of recycled acide 
• Reactor Temperature  
• Motor agitator Intensity  
• Flash Pressure  
• Flash Temperature  
• Digester Intensity  
• Digester Temperature  
Others
Model Predictive 
Control 
Controlled  
•  The ratio 
H2SO4/Phosphate-Rock 
(representative of the rate of 
sulfate free), 
• Depression for cooling 
(Cooler Vacuum Pressure). 
Constraint  
•  P2O5, Free SO4 (free sulfate), 
• Température of reactor, 
• Difference of temperature 
between the temperatures of the 
flash cooler and the reactor.
Others
207 Mounsif Ehlali and Said El Asri /  Procedia Engineering  83 ( 2014 )  195 – 207 
Density measurements of P2O5 and Free SO4 are obtained after laboratory analysis. Moreover, two neural networks are 
provided for inferring values continuously. 
x Continuous Inputs values : 
– Phosphate flow; strong acid flow (acid produce at 29%) 
– Medium acid flow (at 17%), acid sulfuric flow 
– Flow of Wash water 
– Reactor Temperature, flash cooler temperature. 
x Inputs Analysis: 
– Density of strong acid at 29% ; Density of medium acid at 17% 
– Density of weak acid at 5% ; Density of slurry acid 
The implementation is done through six phases: 
1. Selection influential data: 
Phosphate flow, flow H2SO4, acid recycled Flow, Temperature attack intensity agitator Flash Pressure, 
Temperature Flash Intensity digester, digester temperature 
2. Collection of data  
Construction of the knowledge based on the method by incorporating the laboratory samples. 
3. Manual data preprocessing 
Remediation and validation of the database 
4. Training Network 
Calculation of the algorithm coefficients by using the iterative matrixes resolution. 
5. Verifying the accuracy of the network 
6. Final implementation 
5. Conclusion 
We presented the main features and functionalities required in a DCS to meet the requests for the production of industrial 
units such as phosphoric acid and fertilizers. 
OCP has acquired a great experience in operating of DCS by a maximum use of the functionality embedded. For this, 
these are the OCP skills that develop detailed studies and designs of DCS during the phase of the tender. 
This approach allows clarifying and precisely determining the needs of the process and mostly remembering the 
architecture which is under a distributed data base, and define the apportion of areas to accordingly distribute controllers 
and I/O Cards. 
All requirements for better process control of production of phosphoric acid and fertilizers are considered. 
The second stage is related to the integration of DCS in the information system of OCP (direct communication in real 
time over the plant network). 
Afterwards, OCP is currently developing applications around the use of advanced controls to improve the performance of 
control and mastering the industrial processes. 
